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1 Introduction
In RAN4 meeting #76, the analysis for the unidirectional deployment for SFN scenario was provided [1,2]. In this contribution we would like to further study the unidirectional deployment. In our view, the unidirectional deployment would suffer from the shrunk coverage, and in order to fully support that deployment UE may need the enhancement compared to the legacy UE. 
2 Unidirectional and bi-directional deployment for SFN
In the unidirectional deployment the directional antenna with the very low side-lobes will be utilized to form a beam pointing to one direction to provide the coverage. The purpose is to try to “avoid” the existence of Doppler shifts with different signs. In the RAN4 meeting #75, the comment on this deployment is that the coverage will be shrunk. But in [1] it is argued that the similar coverage as the “bi-directional” deployment can be achieved.

In Figure 1 the unidirectional deployment is shown, and in Figure 2 the bi-directional deployment is given. We provide them as the background information. In SFN scenario with bi-directional antenna per RRH, the UE will receive the signals from different RRHs simultaneously such that the handover frequency can be reduced and the UE experience can be improved.
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Figure 1: Unidirectional deployment [1]
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Figure 2: Bi-directional deployment
3 Coverage issue: downlink coverage
3.1 Link-budge calculation
In Figure 3 we provide the concept about how to calculate the link budget which is copied from [2]. According to our understanding, the three components are being considered when calculating the link budget: Geometry (path-loss), Large-scale fading margin (corresponding to shadowing which follows Log-normal distribution), and small-scale fading margin (corresponding to the Rayleigh/Rician small scale fading).
In [1] it is argued that although the geometry in the unidirectional deployment is worse than that in the bi-directional deployment, the small-scale margin for the unidirectional deployment is 4dB less than that for the bi-directional deployment. The observation on the small-scale margin is based on the analysis of distribution of fading under the two deployments, which corresponds to the block of “small-scale fading margin”.
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Figure 3: Link-budge calculation in [3]
In the following, we would like to analyze the impact of those three contributors on the downlink coverage, and compare the coverage between the unidirectional and bi-directional deployments.
3.2 Comparison of the mean path loss
In Figure 4 we compare the geometries between two deployments. It is observed that the worst available SINR in the bi-directional deployment is 6 dB better than that in the unidirectional at the coverage edge assuming the equal transmission power on each site, say, the transmission power in each direction for the bi-directional deployment is half of that for the unidirectional deployment. It seems reasonable because in the unidirectional deployment mainly one RRH is used to provide the coverage, while in bi-directional deployment multiple RRHs are used.
· Observation 1: The path loss for the bi-directional deployment is 6dB less than that for unidirectional deployment.
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Figure 4: Comparision of geometries between two deployments
3.3 Comparison of the small scale fading margin
3.3.1 Performance comparison based on downlink performance enhancement
In [1] the small scale fading margin analysis is provided based on the analysis of fading distribution. But we thought the small scale fading margin analysis should be based on the link level simulation of the data channel, because we should taken the impact of fading on the whole physical channel into account instead of just analyzing the fading distribution.
In Figure 5 and Figure 6 we provide the simulation results with 0.47 64QAM and 1/3 QPSK. The simulation assumptions are provided in Table 1. In the simulations, we compare the simulation results under the bi-directional deployment to the results under AWGN, which would be the upper bound of performance for the unidirectional deployment and the performance with ideal unidirectional transmitting antenna at BS and the ideal frequency tracking and channel estimation at UE would approach that upper bound. And here we consider the BS based and UE based downlink performance enhancement methods, and provide the simulation results based on them. The purpose is to show that there are efficient methods to improve the downlink performance under the bi-directional deployment, which guarantees that the bi-directional deployment could be widely used to provide the better coverage.
From the simulation results, it is observed that the differences of performance between AWGN and bidirectional deployment at the operating point (approximately 10% BLER) are less than 3dB and less than around 2dB for 0.47 64QAM and 1/3 QPSK, respectively. Considering the imperfect frequency tracking and channel estimation and the residual small scale fading resulted from the multi-path propagation of signal caused by the leakage of signal from sidelobe of the unidirectional antenna, the difference of so-called small scale fading margin for the link budget calculation between the unidirectional deployment and bidirectional deployment would be further reduced.
· Observation 2: The difference of performance between the bi-directional deployment and unidirectional deployment would be less than 3dB at the coverage edge considering the downlink performance enhancement.
Table 1: Simulation assumptions for UE performance evaluation under the new high speed train scenario (fixed MCS)

	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	Duplex mode
	
	FDD

	MCS
	
	MCS#19 (R.35-4 FDD), 1/3 QPSK

	
	
	

	Propagation condition and correlation matrix
	SFN
	
	Dynamic SFN channel: 

· Doppler shift, relative time delay and relative power change with time;

· Static channel matrix as defined in B.1 in 36.101;

· Velocity of train: 

· Case 1: 350km/h

· Case 2: AWGN (without fading)

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	MMSE-IRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical
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Figure 4: Simulation results with 0.47 64QAM
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Figure 5: Simulation results with 1/3 QPSK when UE is located around in the mid of two RRHs

3.3.2 Performance comparison based on the legacy UE
In [3] the performance comparison between the unidirectional and the bidirectional deployment based on the legacy UE is provided. For the more relevant case where Doppler shift is around 870Hz, given a certain target throughput, the performance difference between the bidirectional and unidirectional deployments would be less than 3dB in the low SINR range, e.g., 0~5dB, which corresponds to the region of the coverage edge. The difference will be further reduced in the lower SINR range.
· Observation 3: The difference of the legacy UE performance between the bi-directional deployment and unidirectional deployment would be less than 3dB at the coverage edge.
For the even higher value of Doppler shift, it is shown in [3] that the performance degradation of bidirectional deployment would become much worse compared to the unidirectional deployment. But such higher Doppler shift scenario would be out of SI scope because the existing LTE system is not designed for such higher mobility, and even if the PDSCH performance was guaranteed the cell search, handover, PRACH and uplink PUSCH performance would be broken under that scenario. Thus more comprehensive enhancement, even the new design like the new reference signal, would be needed.
And under the unidirectional deployment, UE will face the challenge of the sudden change of Doppler shift when UE approaches one RRH, which may impact the frequency and timing tracking and thus may greatly degrade the downlink performance.
3.3.3 Impact of leakage from the sidelobe
In [1, 3] the directional antenna with lower sidelobes is used to implement the unidirectional deployment. Given a front-to-back ratio or peak side lobe ratio (PSLR), there would be still some region between two adjacent RRH where UE can observe the two paths with the Doppler shifts having the opposite signs. Assuming the propagation in the free space, we calculate the positions where UE can observe two paths in-between two adjacent RRHs given a PSLR and ISD in Table 2.
Firstly, if the unidirectional antenna could not guarantee the high gain, UE still can observe two paths with positive and negative Doppler shifts respectively. As a result, the unidirectional deployment may fail in the sense that the legacy UE still suffer from multi-path channel with positive and negative Doppler shifts.
Secondly, the PSLR should be larger than 60dB to ensure that UE will observe one path in the most of time according to the calculate assuming the free space transmission. The cost should be taken into account. 

And one drawback of the high PSLR antenna is that UE will face the more suddenly changed Doppler shift and signal power level, when UE approaches and passes one RRH. It may impact the frequency and timing tracking performance and AGC performance.
· Observation 4: With the lower peak side lobe ratio or the front-to-back ratio of the directional antenna used in the unidirectional deployment, the legacy UE may still observe two paths associated with the Doppler shifts with the opposite signs and thus suffer from the same downlink performance degradation as in the bidirectional deployment.
· Observation 5: With the higher peak side lobe ratio or the front-to-back ratio of the directional antenna, the legacy UE will face the more sudden change of Doppler shift and signal power level when it approaches and passes the RRH, which may lead to the performance degradation of frequency and timing tracking and AGC.
Table 2: Positions where UE can observe two paths under the unidirectional deployment

	Case number
	ISD (distance between two RRHs)
	PSLR
	Positions where UE can observe two paths in-between two adjacent RRHs

	1
	1km
	-30dB
	484 meters away from one RRH along the opposition direction of the transmitting beam

	2
	1km
	-60dB
	N/A

	3
	3km
	-30dB
	1484 meters away from one RRH along the opposition direction of the transmitting beam

	4
	3km
	-60dB
	1000 meters away from one RRH along the opposition direction of the transmitting beam

	5
	3km
	-63.5dB
	N/A

	6
	6km
	-60dB
	2.5km away from one RRH along the opposition direction of the transmitting beam

	7
	6km
	-69.5dB
	N/A


3.4 Comparison of the large scale fading margin
Since in the bidirectional deployment, UE will receive the signal from the multiple RRHs simultaneously. Compared to the unidirectional deployment where UE is restricted to receive signal mainly from one RRH to avoid the propagation condition with the Doppler shifts with the opposite signs, it seems reasonable to apply the smaller large scale fading margin to the bidirectional deployment. In other words, more diversity gain can be achieved for the bidirectional deployment, and the probability that the signal propagation from RRH to UE is blocked by obstacles in the bidirectional deployment is lower than in the unidirectional deployment.
· Observation 6: The large scale margin for bidirectional deployment should be smaller than that for the unidirectional deployment.
4 Coverage issue: uplink coverage

In the bidirectional deployment, the multiple RRHs will receive the signal from one UE simultaneously which can improve the uplink performance and coverage. But in the unidirectional deployment, one case is that RRH only receives the signal from one direction, which will impair the uplink coverage. In order to guarantee the uplink coverage, the RRH should receive the signals from two directions. Combined with unidirectional transmission, the power control would be more challenging and the new scheme should be considered in order to avoid that UE use maximum transmit power when it is very close to the RRH because UE may estimate the path loss based on downlink signal. As a result, the new mechanism and UE behaviour should be specified to optimize the performance. So it would be hard to say that the legacy UE can work well in the unidirectional deployment without any change.
· Observation 7: To guarantee the uplink coverage, the bidirectional uplink reception with the unidirectional downlink transmission should be used in the unidirectional deployment, which may cause the challenge for uplink power control and thus require the change of the specification.
5 Conclusions
In this contribution, we evaluate and compare the coverage between the unidirectional and the bidirectional deployments. We have the following observations:
· Observation 1: The path loss for the bi-directional deployment is 6dB less than that for unidirectional deployment.

· Observation 2: The difference of performance between the bi-directional deployment and unidirectional deployment would be less than 3dB at the coverage edge considering the downlink performance enhancement.
· Observation 3: The difference of the legacy UE performance between the bi-directional deployment and unidirectional deployment would be less than 3dB at the coverage edge.
· Observation 4: With the lower peak side lobe ratio or the front-to-back ratio of the directional antenna used in the unidirectional deployment, the legacy UE may still observe two paths associated with the Doppler shifts with the opposite signs and thus suffer from the same downlink performance degradation as in the bidirectional deployment.

· Observation 5: With the higher peak side lobe ratio or the front-to-back ratio of the directional antenna, the legacy UE will face the more sudden change of Doppler shift and signal power level when it approaches and passes the RRH, which may lead to the performance degradation of frequency and timing tracking and AGC.
· Observation 6: The large scale margin for bidirectional deployment should be smaller than that for the unidirectional deployment.

· Observation 7: To guarantee the uplink coverage, the bidirectional uplink reception with the unidirectional downlink transmission should be used in the unidirectional deployment, which may cause the challenge for uplink power control and thus require the change of the specification.
Based on the observation, we conclude that
· On the edge of coverage, the received signal power in the unidirectional deployment would be around 3 dB lower than that in the bidirectional deployment given a certain transmitting power, which means that bidirectional deployment will provide the better coverage.
· In order to support the unidirectional deployment, the new mechanisms including the new UE behaviour would need to be specified.
Therefore, considering that the bidirectional deployment is widely used in the practice and that unidirectional deployment may have impact on the specification, we propose that

· Proposal: Focus on the bidirectional deployment for the study of high speed scenario performance enhancement.
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